INTRODUCTION
============

Patients with vascular disease have a high incidence of atherosclerotic comorbidity and increased risk for perioperative cardiac events (POCE) of up to 24% \[[@B1]-[@B5]\]. Several risk stratification indices based on patient clinical history, including the Revised Cardiac Risk Index (RCRI) by Lee et al. \[[@B6]\], have been developed to predict postoperative cardiac outcome. Because thallium single-photon emission computed tomography (SPECT) has a high sensitivity for POCE and the risk increases in a manner proportional to the number of reversible defects \[[@B7]\], thallium SPECT has been widely performed to improve the predictive value of POCE after vascular surgery \[[@B8]-[@B10]\].

B-type natriuretic peptide (BNP) is a cardiac biomarker that is secreted mainly from the left ventricle in response to wall stress \[[@B11],[@B12]\]. ProBNP is synthesized as a pro-hormone and is cleaved into the N-terminal proBNP (NT-proBNP) and bioactive BNP \[[@B13]\]. NT-proBNP is regarded not only as an important diagnostic and prognostic biomarker of congestive heart failure and coronary artery disease \[[@B14]-[@B17]\], but also as a predictive marker of adverse cardiac events in patients who undergo noncardiac surgery \[[@B18]-[@B20]\].

The present prospective cohort study aimed to assess the value of preoperatively measured NT-proBNP for prediction of POCE compared with that of the RCRI and thallium SPECT in patients undergoing elective major vascular surgery.

METHODS
=======

Study population
----------------

Patients ≥ 20 years old who were referred for a cardiac consultation before elective noncardiac vascular surgery at Samsung Medical Center, a tertiary 1,400-bed teaching hospital in Seoul, Korea, were prospectively enrolled. Noncardiac major vascular surgery included abdominal aortic surgery, carotid artery surgery, infrainguinal vascular surgery, and extra-anatomic bypass surgery. Abdominal aortic surgery comprised abdominal aortic aneurysm and suprainguinal vascular surgeries.

Data collection
---------------

Clinical history, use of medications, and physical examination findings were recorded. In all patients, baseline laboratory tests were evaluated within 2 weeks before surgery, including a complete blood cell count, chemistry laboratory tests including NT-proBNP, electrocardiography, and chest X-ray. Additional tests such as transthoracic echocardiography and stress thallium scans were performed based on the joint decision of the surgeon and consulting physician.

Patients were followed up with daily electrocardiography, cardiac enzymes including serum troponin I, and chest X-ray for 5 days after surgery, and additional evaluation was undertaken in accordance with the clinical decision of the consulting physician or surgeon. Patients were followed by the consulting physician until discharge or up to 30 days in-hospital after surgery. Any abnormal signs or symptoms suggestive of heart failure or myocardial ischemia were followed by meticulous evaluation of postoperative cardiac status with repeated cardiac serum marker measurements and electrocardiography. If active heart failure or ongoing myocardial ischemia was found, the patient was transferred to the cardiovascular team and treated appropriately. In cases of mortality, the cause of death was determined based on the consensus of the surgeon, anesthesiologist, and cardiovascular consulting physician.

In accordance with the RCRI \[[@B6]\], the clinical history related to each of the following cardiac risk factors was recorded: history of ischemic heart disease, which included a history of myocardial infarction (MI), positive result on exercise test, use of nitrate, current symptoms of angina, or Q wave on electrocardiography; prior revascularization including percutaneous cardiac interventions and/or coronary artery bypass graft surgery; history of congestive heart failure; cerebrovascular accident or transient ischemic attack; diabetes mellitus (fasting glucose level ≥ 7.0 mmol/L or treatment with insulin); and chronic renal insufficiency (serum creatinine ≥ 2.0 mg/dL or on dialysis).

The cardiac risk score was calculated by assigning one point to each of these risk factors when present and was divided into low- (0 risk factors), intermediate- (1 to 2 risk factors), and high- (≥ 3 risk factors) risk groups \[[@B6],[@B21]\]. A positive result on the stress thallium scan was defined as a perfusion defect at any segment to any degree and significant perfusion defect as a large (≥ 3 walls), moderate to severely decreased, reversible defect on the stress thallium scan. A modified RCRI was proposed to stress the predictive power of the thallium scan by adding one point if a positive result for ischemia was present on the thallium scan and another point if a significant perfusion defect was present on the RCRI. The prognostic value of NT-proBNP was compared with that of the RCRI and modified RCRI.

End-point definition
--------------------

A POCE was defined by any of the following single or combined events: MI, development or aggravation of congestive heart failure, or primary cardiovascular death. MI was defined by a rise in postoperative troponin I above the upper normal value (0.78 ng/mL; Roche Diagnostics, Basel, Switzerland) of our facility. If there were any clinically relevant electrocardiographic or echocardiographic findings with a troponin level below the reference value, troponin was repeatedly measured to confirm the absence of myocardial damage. Diagnosis of new development of congestive heart failure required a formal reading of the chest X-ray by a radiologist consistent with the complication. Primary cardiovascular death was defined as sudden death that could not be explained by any other non-cardiovascular postoperative complications. All clinical events were collected by a research nurse and investigated by physicians. This study protocol was approved by the research ethnics committee of Samsung Medical Center.

Statistical analysis
--------------------

Continuous data were expressed as means ± standard deviations (SD) or median (interquartile range). Student\'s *t* test, Fisher\'s exact test, and one-way ANOVA were used to compare continuous variables, and the chi-square test was used for dichotomous data. Correlations between cardiac events and clinical variables were examined with multivariate logistic models with backward selection. To evaluate the associations between perioperative cardiovascular risk predictors and clinical outcome, RCRI, the modified RCRI, and a biomarker were treated as continuous variables or ordered categorical variables. Receiver-operating characteristic (ROC) analysis was used to calculate sensitivity, specificity, and area under the curve. The optimal cutoff level of each predictor was determined at the point where the sum of sensitivity and specificity was maximal, which was used in subsequent analyses. The predictive power of each method was compared by the ROC curve using the technique of Hanley and McNeil \[[@B22]\]. A *p* value of \< 0.05 was considered to indicate statistical significance. SPSS version 11.0 (SPSS Inc., Chicago, IL, USA) was used.

RESULTS
=======

A total of 709 patients were enrolled in the study from November 2004 to January 2008. The following patients were excluded from the analysis: lack of preoperative plasma NT-proBNP measurement in 250 patients and postoperative serum troponin I measurement in 16, loss of follow-up of \< 30 days in 2 patients, and no myocardial thallium SPECT in 76. The study population comprised the remaining 365 patients (91% males) with a mean age of 67.1 years (SD, 8.5).

The median NT-proBNP level was 105.1 pg/mL (range of quartile, 50.9 to 301.9) ([Table 1](#T1){ref-type="table"}). Positivity for myocardial ischemia on the thallium scan was observed in 79 patients (21.6%), and significant myocardial perfusion defects were present in 23 patients (6.3%). Patients were categorized as low (0 risk factors), intermediate (1 to 2 risk factors), and high (≥ 3 risk factors) risk by the modified RCRI; the majority were classified as low- to intermediate-risk group (40.3%, 51.8%, and 7.9%; low-, intermediate-, and high-risk, respectively). The median NT-proBNP level was compared among the risk groups (88.95 ± 515.36 pg/mL, 136.10 ± 1,620.59 pg/mL,and 1,132 ± 13,366.12 pg/mL; low-, intermediate-, and high-risk, respectively) and showed significant differences, with the exception of between the low- and intermediate-risk groups (*p* = 0.282).

POCE occurred in 49 patients (13.4%), acute MI in 26 (7.1%), congestive heart failure in 36 (9.9%), cardiac death in 1 (0.3%), and non-cardiac death in 3 (0.8%). Individual patients may have more than one event, and all events were counted as an incidence. The median NT-proBNP did not differ significantly according to the type of surgery ([Table 2](#T2){ref-type="table"}). The incidence of POCE was higher in the abdominal aorta surgery group, but this difference was not statistically significant (*p* \> 0.05).

Preoperative predictors of postoperative cardiac events
-------------------------------------------------------

In univariate analysis ([Table 3](#T3){ref-type="table"}), a history of MI (odds ratio \[OR\], 3.9; 95% confidence interval \[CI\], 1.7 to 8.6; *p* = 0.002), chronic renal insufficiency (OR, 5.5; 95% CI, 1.4 to 21.4; *p* = 0.022), significant perfusion defect on thallium SPECT (OR, 3.9; 95% CI, 1.6 to 9.8; *p* = 0.006), high risk by modified RCRI (OR, 5.7; 95% CI, 2.5 to 12.9; *p* \< 0.001), and NT-proBNP level of ≥ 302 pg/mL (OR, 5.4; 95% CI, 2.9 to 10.1; *p* \< 0.001) were significantly associated with POCE. After adjusting for confounders, an NT-proBNP level of \> 302 pg/mL (OR, 4.5; 95% CI, 2.3 to 8.7; *p* \< 0.0001) and high risk by modified RCRI (OR, 3.9; 95% CI, 1.6 to 9.3; *p* = 0.002) were independent predictors of POCE ([Table 4](#T4){ref-type="table"}).

Predictive value of NT-proBNP for POCE
--------------------------------------

The predictive power of each risk predictor was investigated and compared by area under curve (AUC) of ROC analysis. The AUC of the RCRI for POCE was 0.677, and the modified RCRI was 0.676 ([Fig. 1](#F1){ref-type="fig"}). The AUC of preoperative NT-proBNP was 0.700. There was no statistically significant difference between the AUC of NT-proBNP and the RCRI or modified RCRI (*p* \> 0.05). When NT-proBNP (cutoff value, 302 pg/mL) was added to the RCRI, the AUC increased to 0.728, but was not significantly different than the AUC of NT-proBNP (*p* \> 0.05). However, the predictive value of RCRI with NT-proBNP was significantly higher than that of RCRI or modified RCRI (*p* = 0.015). The predictive power of NT-proBNP for MI was not statistically different from that of the modified RCRI (AUC of NT-proBNP vs. modified RCRI, 0.70 vs. 0.68; *p* = 0.41).

The incidence of POCE and MI was compared by means of the NT-proBNP level (302 pg/mL) and the RCRI ([Fig. 2](#F2){ref-type="fig"}). POCE occurred significantly more frequently in patients with higher NT-proBNP (≥ 302 pg/mL); 17% of patients had a higher NT-proBNP, whereas 4% had a lower NT-proBNP (\< 302 pg/mL) in the low-risk (0 risk factors) group by the RCRI (OR, 4.7; 95% CI, 1.2 to 19.1; *p* = 0.040), and 30% had a higher NT-proBNP whereas 12% had a lower NT-proBNP (OR, 3.2; 95% CI, 1.5 to 6.8, *p* = 0.004) in the intermediate-risk (1 to 2 risk factors) group. However, the incidence of POCE in the high-risk group did not differ significantly according to NT-proBNP level.

When the incidence of POCE was compared among the risk groups categorized by the RCRI, the discriminative power of the RCRI for POCE was significant in patients with lower NT-proBNP levels (\< 302 pg/mL) (*p* = 0.026 for POCE and *p* = 0.009 for perioperative MI). In patients with higher NT-proBNP levels, however, the RCRI had no statistically significant discriminative value among the groups in terms of the incidence of POCE and MI.

DISCUSSION
==========

We found a single preoperative NT-proBNP level to be at least as reliable as the RCRI and the modified RCRI for stratification of patients undergoing vascular surgery. To our knowledge, this study is the first to compare the prognostic power of NT-proBNP with the RCRI combined with the result of myocardial stress thallium SPECT in patients undergoing vascular surgery.

Patients undergoing vascular surgery are at increased risk for cardiovascular complications \[[@B23],[@B24]\], but they often have obscured symptoms because of limited functional performance. Many studies have supported the stress thallium scan as a noninvasive stress test with which to improve the predictive value of cardiac complications before non-cardiac vascular surgery \[[@B25]-[@B27]\]. Moderate to severe inducible ischemia on a thallium scan was reported to have a strong association with cardiac complications after major vascular surgery \[[@B28]\]. For this reason, the stress thallium scan has been widely performed in patients with vascular surgery. However, it is not consistently predictive of risk \[[@B29]-[@B31]\].

Several recent studies reported that NT-proBNP is also predictive of long-term and short-term mortality and adverse cardiac events after non-cardiac surgery \[[@B18]-[@B20],[@B32]-[@B34]\]. Feringa et al. \[[@B35]\] reported the prognostic value of NT-proBNP in addition to clinical data and dobutamine stress echocardiography (DSE) results in 117 patients with abdominal aortic aneurysms or who underwent leg bypass surgery (cutoff value, 533 pg/mL). And they studied 335 patients and demonstrated that NT-proBNP provided better prediction than DSE, but they did not compare RCRI with DSE. Schouten et al. \[[@B33]\] evaluated 400 patients who underwent abdominal aortic aneurysm repair, including open repair surgery (70%) and EVAR (30%), peripheral bypass surgery, and carotid surgery and showed an additional prognostic value of NT-proBNP when combined with RCRI. The cutoff value of NT-proBNP was similar to ours at 350 pg/mL. However, despite a numerical increase in the AUC of NT-proBNP in addition to RCRI, statistical significance was not achieved in their study. A recent meta-analysis of NT-proBNP for the prediction of POCE summarized that the decision threshold used in the previous studies varied between 201 and 533 pg/mL for NT-proBNP, which includes the value in our study \[[@B36]\].

In our study, a single preoperative NT-proBNP measurement provided a comparable and powerful POCE predictive value compared with the clinical risk index and myocardial stress thallium scan. The thallium scan failed to demonstrate its predictive power for POCE and did not have incremental value for clinically determined risk in patients undergoing vascular surgery. Whereas the discriminative power of the RCRI for POCE was significant in patients with a lower NT-proBNP (\< 302 pg/mL), it was not significant with a higher NT-proBNP (≥ 302 pg/mL). Interestingly, the incidence of POCE was significantly higher in patients with a higher NT-proBNP who had no clinical risk factors by RCRI or modified RCRI. Moreover, the predictive power of NT-proBNP was as excellent as that of the modified RCRI even for perioperative MI as a single parameter. This may confirm the role of NT-proBNP as an integrated marker preceding multiple aspects of cardiac dysfunction \[[@B37]\] and suggest that preoperative measurement of NT-proBNP provides reliable and practical information for the prediction of POCE not only in high-risk patients, but also in clinically low- to intermediate-risk patients undergoing vascular surgery.

ACC/AHA guidelines recommend proceeding with planned operations without noninvasive tests before vascular surgery if the patient has no risk factors and proceeding with planned operations with heart rate control in patients with fewer than two risk factors \[[@B38]\]. Whereas POCE occurred only in 4% of patients with no clinical risk factors by RCRI and with low NT-proBNP levels, it occurred in 17% of those with no risk factors but increased NT-proBNP in our study. Perioperative MI occurred in 6% of patients in the intermediate-risk group with a low NT-proBNP, but in 18% with increased NT-proBNP. This suggests a need for evaluation with measurement of preoperative NT-proBNP in patients with no risk factors or fewer than two risk factors before guiding perioperative medical management, which needs further study. Therefore, preoperative NT-proBNP may be a useful initial screening tool to guide whether to proceed with further comprehensive cardiac evaluation.

We were unable to observe the long-term predictive value of NT-proBNP. The clinical course of our patients was not followed for more than 30 days after discharge. However, all POCE had developed within 5 postoperative days, which reconfirms that most POCE develops in the early postoperative period \[[@B39],[@B40]\]. The percentage of patients with a low to intermediate risk was higher than that in previous studies. This might in part influence the NT-proBNP cutoff value. The incidence of POCE did not differ significantly according to the NT-proBNP level in patients with more than three risk factors. This may be due in part to the small number and uneven distribution of patients in the high-risk group. The frequency of POCE was relatively high in our study. This may be due to the relatively low proportion of patients taking aspirin (38%), beta blockers (16%), and statins (27%). A selection bias may have resulted from exclusion of a significant portion of patients due to lack of measurement of NT-proBNP. We defined POCE by any of the following single or combined events: MI, development or aggravation of congestive heart failure, or primary cardiovascular death, which differs from the composite endpoint of the RCRI including MI, pulmonary edema, ventricular fibrillation or primary cardiac arrest, and complete heart block. This might result in a different statistical power in predicting POCE in our study. Further studies of preoperative NT-proBNP could help to guide perioperative medical management.

In conclusion, patients undergoing major vascular surgery have an increased risk for perioperative cardiac morbidity and mortality. A single preoperative measurement of NT-proBNP provides a noninvasive, objective, rapid, and convenient method of identifying patients at high risk, and provides physicians with additional prompt, solid information on clinical risk factors. Further studies are required to confirm our results for more widespread clinical use and to establish the NT-proBNP cutoff value for preoperative risk stratification.
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![Comparison of predictive power on perioperative cardiac events. The predictive power of each risk predictors was investigated and compared each other by area under curve (AUC) of ROC analysis. For Revised Cardiac Risk Index (RCRI) and N-terminal pro-B-type natriuretic peptide (NT-proBNP), AUC = 0.73 ± 0.04 (95% confidence interval \[CI\], 0.65 to 0.81); for NT-proBNP, 0.70 ± 0.04 (95% CI, 0.62 to 0.78); for modified RCRI, 0.68 ± 0.04 (95% CI, 0.59 to 0.80); for RCRI, 0.68 ± 0.04 (95% CI, 0.60 to 0.76). Comparison of AUC of NT-proBNP with RCRI or modified RCRI did not show statistical difference (*p* \> 0.05 by Hanley and McNail methods). However, the predictive value of RCRI with NT-proBNP was significantly higher than the one of RCRI or modified RCRI (*p* = 0.015).\
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![Predictive value of N-terminal pro-B-type natriuretic peptide (NT-proBNP) in relation to the Revised Cardiac Risk Index (RCRI) for perioperative cardiac event (POCE)s and myocardial infarction (MI). (A) Incidence of POCE was compared by the level of NT-proBNP 302 pg/mL and the RCRI. (B) Incidence of MI was compared by the level of NT-proBNP 302 pg/mL and the RCRI.\
^a^Discriminative power of the RCRI in patients with NT-proBNP \< 302 pg/mL, *p* =0.026.\
^b^Odds ratio (OR), 3.2; 95% confidence interval (CI), 1.5 to 6.8; *p* = 0.004.\
^c^OR, 4.7; 95% CI, 1.2 to 19.1; *p* = 0.040.\
^d^Discriminative power of the RCRI in patients with NT-proBNP \< 302 pg/mL, *p* = 0.009.\
^e^OR, 3.4; 95% CI, 1.3 to 8.7; *p* = 0.017.](kjim-27-301-g002){#F2}

###### 

Baseline clinical characteristics
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NT-proBNP, N-terminal pro-B-type natriuretic peptide; LV, left ventricle; ACE, angiotensin-converting enzyme.

###### 

Surgical procedures and clinical outcomes
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NS, not significant; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

^a^By one-way ANOVA or chi-square test.

###### 

Univariate analysis of perioperative events
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RCRI, Revised Cardiac Risk Index; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

^a^On univariate analysis by chi-square test.

###### 

Multivariate analysis of perioperative events
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RCRI, Revised Cardiac Risk Index; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

^a^In a logistic regression model.
